In order to obtain excellently heatresistant and transparent polymer materials, the fully aromatic polysilarylenesiloxanes were synthesized via the solution polymerization and the meltcondensation from the corresponding disilanol monomer. And the thermal properties of these polymers were investigated by using DSC and TGA. The polymer synthesized via the solution polymerization showed good solubility in various organic solvents, and 116ºC of glass transition temperature,  g , and 529ºC of 5% weight loss temperature,  d5 . On the other hand, the product obtained by the meltcondensation polymerization partially dissolved in organic solvent, and showed 93ºC of  g . Polyaryleneoxysiloxane was also prepared from 4,4'dihydroxytetraphenylmethane and dichlorodiphenylsilane, and showed 137ºC of  g , while polyaryleneoxysiloxane was easily hydrolyzed in homogeneous solution containing a base etc. 
INTRODUCTION
Polysilarylenesiloxanes and their copolymers have been investigated as high temperature elastomers [1] . For example, poly (tetramethyl silphenylenesiloxane), PTMPS, of a typical poly silarylenesiloxane showed melting temperature,  m , of 135ºC, glass transition temperature,  g , of 20ºC and thermal degradation temperature,  d , of 411ºC [2] [3] [4] [5] [6] . If a new type of polysilarylenesil oxane showing a higher  g or  m than PTMPS is obtained, it is possible that the polysilarylenesil oxane is applied to such heatresistant materials. In previous studies, we had reported fully aromatic polysilarylenesiloxane having tetra phenyldisiloxane units instead of tetramethyl disiloxane units, which showed high  m over 300ºC and no solubility in common solvents [6] . On the other hand, because of insoluble fully aromatic polysilarylenesiloxanes, meltpoly condensation of the corresponding disilanol monomers had be conducted to successfully prepare insoluble and amorphous films [7] . Soluble and fully aromatic polymer having short πconjugation length would be expected to apply to transparent and heatresistance material.
In this paper, polysilarylenesiloxanes were prepared via polycondensation in solvent, and meltpolycondensation from bis((hydroxyl diphenylsilyl)phenyl) ether ( and  in Scheme I). Fully aromatic polyaryleneoxysiloxane was also prepared from 4,4'dihydroxytetraphenyl methane and dichlorodiphenysilane, based on the similar concept of soluble and fully aromatic siliconcontaining polymer ( in scheme II). The thermal properties of the obtained polymers were investigated by using the thermogravimetric analysis, TGA, and differential scanning calorimetry, DSC. To investigate the process of the meltpolycondensation in detail, the volatile compounds generated during the reaction was analyzed by means of a GCMS, and the difference of chemical structures between  and  was investigated by using 13 CNMR spectra.
EXPERIMENTAL 2.1 Materials
Magnesium savings, bis(bromophenyl) ether, toulene, tetrahydrofuran (THF) and anhydrous sodium sulfate were obtained from Wako Pure Chemical Ind. Trichlorosilane, 4,4'dihydroxy tetraphenylmethane, DTM, and ,dimethyl4 aminopyridine (DMAP) were provided from Tokyo Chemical Ind. Bromobenzene, hexane, benzene, diethyl ether and pyridine were purchased from Kanto Chemical Ind. 5 wt.% palladium on activated carbon was purchased from SigmaAldrich. Dichlorodiphenylsilane, DDS, was purified by distillation before use. Tetramethylguanidinium di2ethylhexanoate was prepared by mixing tetramethylguanidine and 2ethylhexanoic acid in 1:2 molar ratio for several days.
Chlorodiphenylsilane was prepared according to the literature [8] .
Characterizations
1 HNMR spectra and 13 CNMR spectra were recorded on a Bruker DPX250 spectrometer and a Bruker DRX500 spectrometer, respectively. IR spectra were recorded with Horiba FT720 equipped with SensIR technologies DuraSampl II. High performance liquid chromatography (HPLC) analysis was conducted with a Waters 2690 by using THF/CH 3 CN (20 v/v%) as an eluent, equipped with a column of ODS3. GPC analysis was conducted with a Tosoh GPC8020 by using THF as SuperH5000, 3000, 2000, and 1000. Standard polystyrenes were used for a cali bration. Gas chromatographymass spectrometry, GCMS, was conducted with Shimadzu GCMS QP2010. UVVis absorbance spectra were measured with Hitachi U1800.
Bis((diphenylsilyl)phenyl) ether ()
A solution of bis(bromophenyl) ether (24.8 g, 76.0 mmol) in THF (300 mL) was added slowly dropwise to mixture of magnesium savings (7.38 g, 304 mmol) activated by 1,2dibromoethane and chlorodiphenylsilane (31.6 g, 144 mmol) in THF (120 mL) under an argon atmosphere at 0ºC. After stirring at 50ºC for 16 h, the reaction mixture was washed with water. The precipitated salts were removed by filtration with Celite. The filtrate was extracted with diethyl ether, and purified by column chromatography on silica gel with hexane as eluent to afford  (9.24 g) as a colorless waxy solid. Yield: 22.7%.  m = 65ºC. 1 
Bis((hydroxydiphenylsilyl)phenyl) ether ()
Water (1.54 mL, 85.5 mmol) and THF (14.0 mL) were added to a flask which charged 5 wt.% palladium on activated carbon (735 mg, Pd: 346 mol) was dried in  and filled with argon.  (9.14 g, 17.1 mmol) in THF (14.5 mL) added dropwise to the flask. The mixture was stirred at 50ºC for 2.5 h. The catalyst was filtered off, and the solvent was removed. The crude was purified by recrystallization from benzene solution to obtain  (7.89 g) as a white powder. Yield: 96.5% (HPLC purity: 99.0%).  m = 173ºC. 1 
Polymerizations (typical procedures)
 (610 mg, 1.07 mmol) was refluxed for 24 h in toluene (1.00 mL), in the presence of a few drops of tetramethylguanidinium di2ethylhexanoate as a catalyst using an azeotropic trap to remove water. The mixture was poured into an excess amount of methanol to obtain  (296 mg) as a white fibrous. Yield: 48.6%.  n = 4.40x10 4 At first, polycondensation of  was conducted in 1,4dioxane, xylene (mix.), or toluene as polymerization solvent. As a result, the highest molecular weight of  was achieved when toluene was used. Reprecipitation purification of  was repeated by 7 times to remove a subproduct whose  n nearly equaled to 1000 ( w  n 1 = 1.0) by GPC measurement. Probably, the subproduct would be a cyclic dimer of .
Polysilarylenesiloxane () prepared by meltpolycondensation
Meltpolycondensation was performed at 200, 250, 300, 350 or 400ºC for 2 h in an oven of TGA in order to decide the condition of meltpolycon densation. The results are shown in Table I . Molecular weight,  g and the weight loss ratio, which calculated from the initial weight of monomer , increased with the increase of polymerization temperature. If perfect condensa tion reaction of  proceeded, the weight loss ratio was 3.2%. We had reported that meltpolyconden sation of a disilanol monomer proceeded with generating volatile compounds arising from deg radation [7] . The volatile compounds generated during the meltpolycondensation were trapped to analyze them by means of GCMS. As a result, the volatile compound was only one kind, whose molecular ion was  = 170, and its fragment ions were = 141, 115 and 110. These fragment ions coincided with that of diphenyl ether (FW = 170). Considering  was stable below 400ºC as mentioned later, condensation reaction and elimination reaction of diphenyl ether simulta neously took place in only the case that  and/or its oligomer were heated over their  m .
Chemical structures of  and 
IR spectrum data of  and  as listed in the experimental part suggested that  possessed chemical structure which diphenyl ether moiety would be removed from . 13 CNMR spectra of  (a) and  prepared at 400ºC for 2 h (b) and 7 h (c) are shown in Fig.1 . Peak strengths of ,  and  attributed to diphenyl ether moiety distinctly decreased during the meltpolycondensation, and new small peaks appeared at 117, 119, 123, 134, 156 and 159 ppm in Fig.1 (b) and (c). Peak intensity in the case of 7 h of polymerization time was larger than that of 2 h. Unfortunately, Fig.1 (c) was too complicate spectrum to reveal the chemical structure of . Fig.2 presented dependence of molecular weight of  against polymerization time under four kinds of conditions (in toluene at 100ºC, in toluene at refluxing temperature, in THF at 40ºC, and in chloroform at 40ºC).
Polyaryleneoxysiloxane, 
In toluene, the molecular weight of  increased with an increase of reaction time. On the other hand, the polycon densation in THF did not proceed successfully. In chloroform, molecular weight showed the highest value after 6 h, and then decreased gradually. SiOC linkage within  would be easily hydrolyzed. To clarify the hydrolysis of  ( n = 17.4x10 3 , polymerized in toluene at 100ºC for 24 h), the reduction in  n by additive was examined. The result was listed in Table II . was easily hydrolyzed in entry 1-3, which were treated by pyridine or pyridinium hydrochloride in homogeneous solution. However,  was stable without hydrolysis in dispersed solution of pyridinium hydrochloride (entry 4).
Solubility of polymers
The result of solubility test was presented in Table III .  and  showed better solubility than  which showed poor solubility in spite of low molecular weight.  would involve a slight amount of crosslinking structure arising from the elimination of diphenyl ether.
Thermal properties of polymers
TG curves of ,  and  described in experimental part were drawn in Fig.4 .  and showed 529ºC and 523ºC of  d5 , respectively, and did excellent thermal stability similar to the fully aromatic polysilarylenesiloxanes in our previous [6, 7] . Although  had experienced unexpected large weight loss during the meltpolycondensation, the TG curve of obtained  almost coincided with that of .  also showed only a main degradation between 500 and 600ºC just like  and , while a small weight loss was observed around 150ºC ( d5 = 493ºC). DSC curves of , and  were drawn in Fig.5 .  was a crystalline polymer, showing 334ºC of  m , similar to the fully aromatic polysil arylenesiloxanes in our previous paper [6] , but the crystallinity of  would be lower than that of them because  g of  was clearly observed at 116ºC. On the contrary,  was an amorphous polymer, showing 93ºC of  g although the  g was quite different from temperature and time of meltpolycondensation, as mentioned above (See Table I ).  was also an amorphous polymer showing 137ºC of the highest g in this paper. 
Optical property of polymers

CONCLUSIONS
In this study, we aimed to achieve silicon containing polymers which were heatresistant, soluble and transparent. Fully aromatic polysil arylenesiloxane having diphenyl ether moiety in a polymerbackbone, , was successfully prepared via polycondensation in a solvent.  was soluble in common solvents, very thermally stable, and transparent against visible light, but showed low crystallinity and not very high  g .  was obtained from the corresponding disilanol monomer for  via meltpolycondensation, which proceeded with elimination of diphenyl ether as subreaction to show amorphous and transparency. In addition,  was an oligomer, and would be too brittle to form a film. Poly aryleneoxysiloxane, , was also prepared from DTM and DDS, and showed the highest  g in this study. However,  was easily hydrolyzed in homogeneous solution containing a base etc.  and  would be expected to apply to trans parency high temperature coatings if their thermal mechanical stability were improved further.
